Correspondence 1157 was found. The time required before obtaining some hematologic improvement after initiation of VK2 therapy ranged from 1 to 3 months (average: 1.5 months in RA, and 1.6 months in RAEB-T and post-MDS AML). However, the optimal dosage and a route for VK2 administration were not determined because most patients received 45 mg/day of VK2 orally.
Ph translocations have the same molecular changes and are clinically and hematologically identical. 1 Variant Ph translocations involving several partner chromosomes seem to be more frequently associated with additional chromosomal abnormalities unrelated to the Ph formation. 2 PCR and Southern blot methods are commonly used to detect BCR/ABL rearrangements. In addition a double fusion fluorescence in situ hybridization (D-FISH) BCR/ABL probe can be used to monitor residual disease in CML using interphase nuclei. 3 The D-FISH probe also reveals the locations of 3Ј ABL and 5ЈBCR as well as 5ЈABL and 3ЈBCR on metaphase chromosomes. The identification of complex rearrangements has recently been greatly facilitated by the use of multicolor spectral karyotyping (SKY) that allows the simultaneous and differential color display of all human chromosomes. 4 In this retrospective study, we have used G-banding, SKY and D-FISH metaphase analysis to determine the chromosomal locations of each BCR and ABL gene involved in 10 variant Ph rearrangements.
A summary of the clinical findings and the time in the disease course at which cytogenetic studies were performed is presented in Table 1 . All 10 patients were positive for the BCR/ABL rearrangement by molecular studies with a break in the major breakpoint cluster 46,XY,der(9)del(9)(q?)del(22)(q?)t(9;22)(q34;q11) RSB 5ЈABL and 3ЈBCR deleted 4 47,XX,+X,der(1)t(1;5)(q36;q11),−5, b2a2 5ЈABL on der(9); 3ЈBCR on der(12) i(5)(p10),+8,t(3;9;22;12)(q12;q34;q11;p13) 5 46,XX,t(9;22;17)(q34;q11;q25) RSB 5ЈABL on der(9); 3ЈBCR on der(17) 6 46,XY,t(9;22;14)(q34;q11;p11)[17]/ RSB 5ЈABL on der(9); 3ЈBCR on der(14) idem+der(22)t(9;22;14) [3] 7 46,XY,t(1;9;22)(p36;q34;q11) RSB 5ЈABL on der(9); 3ЈBCR on der(1) 8 47,XY,t(3;9;22)(p11;q34;q11),+mar b2a2 5ЈABL and 3ЈBCR deleted 9 46,XY,t(4;9;22)(q12;q34;q11) b2a2;b3a3 5ЈABL on der(9); 3ЈBCR on der (4) a In this patient's G-banded karyotype derivative chromosome 9 did not appear different from its homologue. This indicates that a microscopically visible portion of chromosomal material involving the 5ЈABL and 3ЈBCR has been deleted. b RSB = DNA rearranged by Southern blot analysis or the RT-PCR transcript type indicates rearrangement detected based on RNA analysis by RT-PCR.
region (M-bcr) either by Southern blot analysis (pts 1, 3, 5, 6, 7 and 10), or by RT-PCR (pts 2, 4, 8 and 9). In none of the patients studied was there cytogenetic evidence of the presence of a classic t(9;22) translocation together with a variant translocation, suggesting that these variant rearrangements developed de novo and concurrent with the onset of the disease. In three instances (pts 4, 6 and 8) additional chromosomal changes that did not involve the Ph variant were detected. Sequential G-banding, SKY and D-FISH analysis could be performed on metaphase preparations derived from patients 6, 8 and 9 (Figures 1 and 2 ) and were helpful in characterizing the identities of partner chromosomes in the variant translocations and distinguishing these rearrangements from the additional chromosomal changes. For the remaining cases sequential G-banding and D-FISH were performed. A summary of G-banding and D-FISH of all cases is presented in Figure 2 . In nine of the 10 patients, the derivative 22 had the typical appearance of a Ph chromosome and bore the BCR/ABL hybrid gene (pts 1-9). The karyotypes and results of D-FISH for these patients are presented in Table 2 . In these patients the 5ЈABL and 3ЈBCR did not appear as a reciprocal fusion signal. In six of these nine patients the D-FISH signal corresponding to 5ЈABL was retained on the derivative 9 and the signal corresponding to 3ЈBCR hybridized to another partner chromosome involved in the variant rearrangement (pts 1, 4, 5, 6, 7 and 9). In the remaining three patients both 5ЈABL and 3ЈBCR reciprocal sequences were deleted from the karyotype (pts 2, 3 and 8), but on the basis of conventional cytogenetic analysis alone they had appeared to be balanced. In one patient (pt 10) the derivative 22 was the size of a standard Ph chromosome, but had an atypical banding pattern and did not have the BCR/ABL fusion gene. D-FISH analysis indicated that the BCR/ABL hybrid gene was located on chromosome 9. It appears that in this case a piece of 1q was translocated to 3q, a piece of 3q to 22q and the most of 22q from 22q11-22qter to 1q. DNA containing the BCR gene was inserted into 9q34, resulting in the BCR/ABL hybrid gene on chromosome 9. It has recently been shown using the Vysis BCR/ABL ES probe (Vysis, Downers Grove, IL, USA), that five of 41 CML patients had a loss of the ABL gene signal. Metaphase and interphase studies showed that the region proximal to the rearranged ABL was deleted in these cases. 5 Similarly, deletions have been detected distal to BCR in CML by Grand et al. 6 It is possible that 5ЈABL and 3ЈBCR deletions are generally more common in CML than previously suspected and may have significant clinical consequences for patient management.
Our findings have important implications for cytogenetic laboratories using BCR/ABL D-FISH (Oncor; Ventana Medical Systems, Tucson, AZ, USA) or ES-FISH (Vysis) analysis for interphase monitoring of CML without prior cytogenetic analysis. Complex FISH signal patterns in interphase nuclei may make interpretation confusing because some of the rearrangements resulting in the formation of BCR/ABL hybrid gene may lead to loss of reciprocal signals. Precise knowledge Leukemia of the molecular events that accompany these rearrangements will address these concerns and provide a better cytogenetic characterization of variant Ph translocations in CML. 
